We examined allelopathic effects and underlying mechanisms of Cinnamomum migao on its associated species Liquidambar formosana. We assessed effects of aqueous extracts of C. migao pericarp, leaf, and rhizosphere soil at different concentrations on seed germination, seedling growth, and physiology of L. formosana. All extracts inhibited L. formosana seed germination, with obvious inhibition at high concentrations (50 mg mL −1 ). All extracts promoted the height and ground diameter of seedlings, with the highest promotion achieved with aqueous leaf extract at a concentration of 1 mg mL −1 and aqueous pericarp and rhizosphere soil extracts at a concentration of 5 mg mL −1 . All extracts promoted soluble protein accumulation in L. formosana seedlings, with the highest accumulation achieved with aqueous pericarp extracts. Aqueous leaf extract promoted soluble starch accumulation. Aqueous pericarp extract at concentrations of >10 mg mL −1 significantly increased soluble sugar content. Aqueous leaf and rhizosphere soil extracts at concentrations of >5 mg mL −1 increased proline accumulation. All extracts at concentrations of >1 mg mL −1 significantly increased malondialdehyde content. Aqueous pericarp and rhizosphere soil extracts at concentrations of 10 and 0.5 mg mL −1 , respectively, promoted superoxide dismutase activity. Activities of soil urease, polyphenol oxidase, and catalase were significantly increased when the concentration of aqueous pericarp and leaf extracts exceeded 5 mg mL −1 , and the activity of soil acid phosphatase significantly increased when the concentration of all extracts were 5 mg mL −1 . According to the synthetic allelopathic index, the lowand medium-concentration extracts all showed a promoting effect, whereas high concentrations exhibited obvious inhibitory effects; furthermore, the comprehensive effect value of leaf water extraction was higher than that of the pericarp and rhizosphere soil. Thus, allelopathy can affect the long-term co-existence of C. migao and L. formosana.
Introduction
Allelopathy is an ecological phenomenon related to the effects of chemicals produced by an organism on the growth, development, and distribution of other plants in natural communities or agricultural systems [1] . Some plants and microorganisms release certain chemicals into the environment through rhizosphere secretion, elution, volatilization, seed germination, and pollination [2] . Allelopathy may be harmful or beneficial. Chemical ecological factors commonly existing in forest ecosystems have a significant impact on the structure, function, efficiency, and development of forest communities [3] . In recent years, the important roles of plant allelopathy in intraspecific and interspecific relationships, community succession, species distribution, and biological invasion [4] [5] [6] [7] have garnered much attention, rendering studies on these topics a hotspot of ecological research.
Many scholars have conducted extensive studies on mechanisms underlying and factors influencing
Forests 2019, 10, 535 2 of 14 allelochemical activity; roles of allelochemicals in crop plantation, biological invasion, and community succession; and interactions between allelochemicals and soil microorganisms [8] [9] [10] [11] [12] [13] . Recent studies have shown that allelochemicals directly or indirectly affect plant growth by affecting somatic cell structure, photosynthesis, antioxidants, osmotic substances, and related enzyme activities [14] [15] [16] [17] [18] [19] .
In ecological communities, neighbors can directly or indirectly influence the growth and development of one another by coordinating environmental factors, such as forest nutrient conditions, and play a significant role in improving forest vegetation cover, increasing forest vegetation resource reserves, and enhancing physical and chemical properties of surface soil. Currently, most studies on the associative relationships among trees have focused on timber cultivation. These studies have largely focused on means of increasing timber growth rate and yield, such as through co-existence of Calluna vulgaris and other species [20] , effects of associated tree species on Pinus tabuliformis growth [21] , and effects of the associated tree species Populus tremuloides on Picea Mariana growth in Quebec [22] .
Here, we studied the association between Cinnamomum migao and Liquidambar formosana, which are endemic to the karst areas of Southwest China. Both species are medicinal plants. In a previous survey of 13 plots, we observed that the L. formosana communities in C. migao forests were growing well and that the age of trees of both species was more than 50 years, suggesting obvious associative phenomena [23] . Therefore, allelopathy exhibited by one plant could be a critical factor influencing the establishment and survival of another; this is possible mainly due to the influence of allelopathy on seed germination and seedling growth of the other plants in a plant community, further affecting species distribution patterns. In addition to the environmental adaptability of L. formosana, whether allelochemicals of C. migao can promote or inhibit its growth in the course of slow development would influence the stability of L. formosana communities. Numerous phenolic acids and volatile oils have been detected in fruit and leaves of C. migao [24] [25] [26] . The essential oils of C. migao exert certain inhibitory effects on some microorganisms, and its aqueous extracts show allelopathic effects on Blumea balsamifera [27] .
Based on the results of previous studies, we speculated that the allelopathic ability of C. migao is one of the reasons underlying the stability of C. migao forests. Therefore, we assessed allelopathic effects of different concentrations of aqueous pericarp, leaf, and rhizosphere soil extracts of C. migao on L. formosana. Furthermore, the mechanisms underlying allelopathic effects of C. migao extracts on L. formosana seed germination as well as physiological and biochemical indices of seedling growth were discussed. Elucidating physiological mechanisms underlying associative phenomena among species may provide a theoretical basis for revealing the potential associative interactions among species within a community in the future.
Materials and Methods

Study Site
This study was conducted in a nursery at Guizhou University Southern Campus Forestry College, Huaxi District, Guiyang City (26 • 34 N 106 • 42 E; altitude,~1020 m). In this region, the average annual temperature, relative humidity, total precipitation are 15.3 • C, 77%, and 1129.5 mm, respectively, and average rainfall, sunshine, and snowfall durations are 235.1 days, 1148.3 h, and 11.3 days, respectively.
Experimental Design
From the Luodian County in Guizhou Province, healthy fruit were collected in December 2016 and leaf and rhizosphere soil were collected in May 2017. Pericarps of C. migao fruit were stripped. The rhizosphere soil was collected along the trunks and roots of selected plants in dug ditches. While keeping rhizosphere of the plant intact, small lateral and fibrous roots were collected and the soil between 0-1 cm of the rhizosphere was gently brushed and collected. Collected soil samples were bagged, transported to the laboratory, air-dried, washed with distilled water, passed through a 0.25 mm sieve, crushed to fine powder, and stored at 4 • C until use. Pericarps, leaves, and rhizosphere soil were weighed (100 g) and extracted at room temperature in 1000 mL distilled water for 48 h, during which they were placed on a rotary shaker for 5 min every 12 h, and then centrifuged for 15 min at 4000 rpm. The undiluted extracts with a mass concentration of 100 mg mL −1 were obtained by vacuum filtration. The undiluted extracts were aliquoted into 0, 0.5, 1, 5, 10, and 50 mg mL −1 concentration gradients for biological tests and refrigerated at 4 • C as a stock.
In December 2016, healthy L. formosana seeds were collected from the Luodian County. The seeds were bagged, transported to the laboratory, air-dried, and rinsed with distilled water. A quantitative Petri dish (diameter, 9 cm) was sterilized in an autoclave at 120°C for 30 min, and two layers of quantitative filter paper were placed in it. An artificial climate incubator was cleaned and disinfected with 70% alcohol. A total of 100 seeds of uniform size were placed in each Petri dish, and 5 mL of test solutions of different concentrations (subject to 1/3rd submergence of seeds) were added. Each treatment was repeated three times. In the artificial climate incubator, the temperature was 25 • C ± 3 • C, humidity was 60% ± 2%, and light/dark conditions were 12 h each. The corresponding treatment solutions were added daily to keep the dish moist. Germinated L. formosana seeds were counted from the 2nd day after inoculation.
In early April 2017, potted seedlings were raised in a greenhouse in Guizhou University Forestry College, and ramets were planted in May 2017. In June, the cultivated soil was collected from the nursery at Guizhou University Forestry College. After drying, grinding, disinfection, and sterilization, L. formosana seedlings were placed in pots with a bottom diameter of 20 cm and a depth of 25 cm. L. formosana seedlings of similar height and type were transplanted into flowerpots. Five concentrations (0.5, 1, 5, 10, and 50 mg mL −1 ) were used to treat L. formosana seedlings, with six replicates per treatment and three seedlings per replicate. After planting for 1 month, the seedlings were treated with 250 mL aqueous extract from pericarp, leaf, or rhizosphere soil every week after normal growth. The control group (CK) was treated with 250 mL distilled water for 90 days. During the experiments, no fertilizer was applied, and the seedlings were treated for 1 month. Plants exhibiting similar disease-free growth were selected for experiments.
Data Collection
Germination bioassay: Germination rate was determined as the percentage of germinated seeds per total number of tested seeds, and the germination potential was determined as the percentage of normal germinated seeds per total number of tested seeds within the first 5 days.
Seedling height and ground diameter: Three seedlings were randomly selected for each treatment, and their height and ground diameter growths were measured using a tape and Vernier caliper and recorded once a week.
Osmotic substances: Soluble sugar and starch contents were determined through anthrone colorimetry; soluble protein content was determined through Coomassie brilliant blue (G-250) staining; and proline content was determined through acid ninhydrin colorimetry [28] .
Antioxidant systems: Malondialdehyde (MDA) content of leaves was determined using the 2-thiobarbituric acid (TBA) colorimetric method [29] , whereas superoxide dismutase (SOD) activity was determined using the nitro blue tetrazolium (NBT) photoreduction method [30] .
Soil enzyme activities: Acid phosphatase (S-ACP), polyphenol oxidase (S-PPO), urease (S-UE), and catalase (S-CAT) activities were determined using commercial kits (Beijing Solebo Biotechnology Co., Ltd.).
Soil available nitrogen/phosphorus/potassium (N/P/K): Available nitrogen(AN) content was quantified using the semi-micro Kelvin method. Available phosphorus (AP) content was quantified using the molybdenum-antimony anti-colorimetric method. Available potassium (AK) content was quantified using the flame photometric method [31] .
Allelopathy index: Allelopathy index was calculated as follows: RI = (Ti − To)/To, where To is the control value and Ti is the treatment value of the test item; RI > 0 represents the promotion effect; RI < 0 represents the inhibition effect; and the order of magnitude represents the intension, SE was 
Statistical Analysis
Microsoft Excel (2007) was used for preliminary statistics. SPSS 18.0 was used for further processing of experimental data. Two-way ANOVA was used to analyze significant differences in the effects of different concentrations of pericarp, leaf, and rhizosphere soil extracts on seed germination, seedling morphology, physiology, biochemistry, and soil enzyme activities of recipient plants. The significant level was p < 0.05. Origin 9.1 (OriginLab Corporation, Northampton, MA, USA) was used to plot the data.
Results
Effects of Aqueous Extracts of C. migao on L. formosana Seed Germination
The germination rate and potential of L. formosana seeds gradually decreased with increase in concentrations of aqueous pericarp, leaf, and rhizosphere soil extracts. The decrease in L. formosana seed germination was low only under treatment with all concentrations of rhizosphere soil extracts ( Figure 1 ). The germination rate and potential of L. formosana seeds treated with all C. migao extracts at concentrations of >1 mg mL −1 were significantly different from those of CK (p < 0.05). The germination rate and potential of L. formosana seeds were sharply decreased when the concentration of all extracts was 50 mg mL −1 . The decrease in germination rate and potential of L. formosana seeds were the smallest when treated with 50 mg mL −1 aqueous rhizosphere soil extract, which reached 36.55% and 14.11%, respectively. Allelopathy index： Allelopathy index was calculated as follows: RI = (Ti − To)/To, where To is the control value and Ti is the treatment value of the test item; RI > 0 represents the promotion effect; RI < 0 represents the inhibition effect; and the order of magnitude represents the intension, SE was determined as the arithmetic average of RI values of several test items measured by the donor on the same receptor [32, 33] .
Statistical Analysis
Results
Effects of Aqueous Extracts of C. migao on L. formosana Seed Germination
The germination rate and potential of L. formosana seeds gradually decreased with increase in concentrations of aqueous pericarp, leaf, and rhizosphere soil extracts. The decrease in L. formosana seed germination was low only under treatment with all concentrations of rhizosphere soil extracts ( Figure 1 ). The germination rate and potential of L. formosana seeds treated with all C. migao extracts at concentrations of >1 mg mL −1 were significantly different from those of CK (p < 0.05). The germination rate and potential of L. formosana seeds were sharply decreased when the concentration of all extracts was 50 mg mL −1 . The decrease in germination rate and potential of L. formosana seeds were the smallest when treated with 50 mg mL −1 aqueous rhizosphere soil extract, which reached 36.55% and 14.11%, respectively. 
Effects of Aqueous Extracts of C. migao on the Morphology of L. formosana Seedlings
Seedling height and ground diameter of L. formosana increased initially and then decreased slowly with increased extract concentration, but even the lowest values remained higher than CK values ( Figure 2 ). When the concentration of aqueous leaf and rhizosphere soil extract was 1-10 mg mL −1 , the difference in height between treated seedlings and CK was significant (p < 0.05). When the concentration of aqueous pericarp extract was 0.5-1 mg mL −1 , the difference in height between treated seedlings and CK was significant (p < 0.05). When the concentration of aqueous pericarp and rhizosphere soil extracts was 0.5 mg mL −1 and 10-50 mg mL −1 , respectively, the difference in ground diameter between treated seedlings and CK was not significant (p > 0.05); however, this difference was significant after treatment with different concentration of aqueous leaf extract (p < 0.05).
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The soluble starch content of L. fermonosa seedlings increased initially and then decreased with increase in concentration of aqueous leaf extract but remained significantly higher than that of CK (p < 0.05). When the concentration of leaf extract reached 10 mg mL −1 , the soluble starch content was maximum (0.50 mg g −1 × FW), which was twice as much as the CK value. When the concentration of aqueous pericarp extract was 50 mg mL −1 , the soluble starch content of the treated seedlings was not significantly different from that of CK (p > 0.05); however, there was a significant difference between the other groups (p < 0.05). The soluble starch content of seedlings treated with aqueous rhizosphere soil extract at a concentration of 50 mg mL −1 was significantly higher than that of CK (p < 0.05).
The soluble sugar content of seedlings was significantly higher than that of CK (p < 0.05) when the concentration of aqueous pericarp extract was 10 mg mL −1 , and the highest content was achieved when extract concentration reached 50 mg mL −1 . The soluble sugar content gradually decreased with increase in the concentration of aqueous extract leaf and rhizosphere soil extracts.
The proline content of L. formosana seedlings increased initially and then decreased with increase in the concentration of aqueous pericarp extract. When the concentration was 1-5 mg mL −1 , the proline content of treated seedlings was significantly higher than that of CK (p < 0.05). The proline content of L. formosana seedlings increased with increase in the concentration of aqueous leaf and rhizosphere soil extracts. When the concentration of aqueous leaf extract reached 50 mg mL −1 , the proline content of L. formosana seedlings reached the highest value (297.20 µg × g −1 FW).
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S-CAT activity gradually increased with increase in the concentration of aqueous pericarp and leaf extracts. When the concentration of aqueous pericarp and leaf extracts reached 5 and 1 mg mL −1 , respectively, S-CAT activity in treated seedlings was significantly higher than that in CK (p < 0.05). S-CAT activity in seedlings treated with aqueous rhizosphere soil at concentrations of >10 mg mL −1 was significantly higher than that in CK (p < 0.05).
S-ACP activity in L. formosana seedlings increased initially and then decreased with increase in the concentration of aqueous pericarp and rhizosphere soil extracts. When the concentration of aqueous pericarp and rhizosphere soil extracts was 0.5-5 mg mL −1 and 10 mg mL −1 , respectively, S-ACP activity in treated seedlings was significantly higher than that in CK (p < 0.05). S-ACP activity in treated seedlings was significantly higher than that in CK (p < 0.05) when the concentration of aqueous leaf extract was 5 mg mL −1 . The highest S-ACP activity was achieved following treatment with aqueous pericarp, leaf, and rhizosphere soil extracts at a concentration of 5 mg mL −1 . SOD activity in treated L. formosana seedlings was significantly higher than that in CK (p < 0.05) when the concentration of aqueous pericarp extract was 10 mg mL −1 . SOD activity in L. formosana seedlings was significantly higher than that in CK (p < 0.05) when the concentration of aqueous rhizosphere soil extract was 0.5 mg mL −1 , but it was significantly decreased at all other concentrations (p < 0.05). SOD activity in L. formosana seedlings decreased with increase in the concentration of aqueous leaf extract.
S-UE activity in treated L. formosana seedlings was significantly higher than that in CK (p < 0.05) after the concentration of aqueous pericarp extract was 1 mg mL −1 . The highest S-UE activity was achieved when the concentration of aqueous pericarp extract was 5 mg mL −1 . S-UE activity in treated seedlings was significantly higher than that in CK (p < 0.05) when the concentration of aqueous rhizosphere soil extract was 0.5-5 mg mL −1 ( Figure 5 ).
S-ACP activity in L. formosana seedlings increased initially and then decreased with increase in the concentration of aqueous pericarp and rhizosphere soil extracts. When the concentration of aqueous pericarp and rhizosphere soil extracts was 0.5-5 mg mL −1 and 10 mg mL −1 , respectively, S-ACP activity in treated seedlings was significantly higher than that in CK (p < 0.05). S-ACP activity in treated seedlings was significantly higher than that in CK (p < 0.05) when the concentration of aqueous leaf extract was 5 mg mL −1 . The highest S-ACP activity was achieved following treatment with aqueous pericarp, leaf, and rhizosphere soil extracts at a concentration of 5 mg mL −1 . The contents of AN, AP, and AK in the soil of L. formosana seedlings did not show significant difference with CK under the concentration of extracts of C. migao (p > 0.05) ( Table 1) . AN content was the highest following treatment with aqueous pericarp extract at a concentration of 5 mg mL −1 and the lowest following treatment with aqueous leaf and soil rhizosphere extracts at a concentration of 50 mg mL −1 . AP content was the highest following treatment with aqueous pericarp extract at a concentration of 5 mg mL −1 . AK content was the highest following treatment with aqueous leaf extract at a concentration of 50 mg mL −1 . The contents of AN, AP, and AK in the soil of L. formosana seedlings did not show significant difference with CK under the concentration of extracts of C. migao (p > 0.05) ( Table 1) . AN content was the highest following treatment with aqueous pericarp extract at a concentration of 5 mg mL −1 and the lowest following treatment with aqueous leaf and soil rhizosphere extracts at a concentration of 50 mg mL −1 . AP content was the highest following treatment with aqueous pericarp extract at a concentration of 5 mg mL −1 . AK content was the highest following treatment with aqueous leaf extract at a concentration of 50 mg mL −1 . Table 1 . AN, AP, and AK contents in the soil of L. formosana seedlings following treatment with different concentrations of aqueous extracts of C. migao pericarp, leaf, and rhizosphere soil.
Part
Concentrations (mg mL 
Allelopathic Effects of Aqueous Extracts of C. migao on L. formosana
Eleven indicators (germination index, morphology, physiological and biochemical indices of seedlings, etc.) were used to analyze the allelopathy SE value to reflect the total allelopathic intensity of the C. migao pericarp, leaf, and rhizosphere soil at different concentrations on the target L. formosana ( Figure 6 ).When all the extracts were at low and medium concentrations (0.5-5 mg mL −1 ), they promoted the growth of L. formosana. When the aqueous leaf extract concentration was 5 mg mL −1 , the maximum value was 0.14. When the concentration of the rhizosphere soil extract was 10 mg mL −1 , the growth began to show slight inhibition. When the concentration of all extracts reached 50 mg mL −1 , the inhibition effect was very obvious and reached the maximum value (0.56) under the treatment of the pericarp extract. According to the synthetic allelopathic index, the comprehensive effect value of leaf extract liquefaction was significantly higher than that of the pericarp and rhizosphere soil. 
Eleven indicators (germination index, morphology, physiological and biochemical indices of seedlings, etc.) were used to analyze the allelopathy SE value to reflect the total allelopathic intensity of the C. migao pericarp, leaf, and rhizosphere soil at different concentrations on the target L. formosana (Fig6) .When all the extracts were at low and medium concentrations (0.5-5 mg mL −1 ), they promoted the growth of L. formosana. When the aqueous leaf extract concentration was 5 mg mL −1 , the maximum value was 0.14. When the concentration of the rhizosphere soil extract was 10 mg mL −1 , the growth began to show slight inhibition. When the concentration of all extracts reached 50 mg mL −1 , the inhibition effect was very obvious and reached the maximum value (0.56) under the treatment of the pericarp extract. According to the synthetic allelopathic index, the comprehensive effect value of leaf extract liquefaction was significantly higher than that of the pericarp and rhizosphere soil. 
Discussion
Whether a plant can complete its regeneration in a forest often depends on whether the germination of its seeds of is inhibited by another plant. Seed germination rate of a plant could be a sensitive measure of the intensity of allelopathic activities of another plant [34] , which influence the competitiveness and abundance of the recipient plants in a plant community [35] . Seed germination of L. formosana was inhibited to varying degrees by aqueous extracts of C. migao. The higher the concentration of the extracts, more robust was their inhibitory effect on seed germination of the recipient plants, which is consistent with previously reported trends [36] [37] [38] . When the concentration of all extracts increased to 50 mg mL −1 , the germination rate and potential decreased rapidly. Similarly, the germination potential of L. formosana seeds exhibited a decreasing trend. These results indicated that the rate of germination of L. formosana seeds decreased, and the germination cycle was delayed. In addition, allelopathic substances appeared to affect the activities of key enzymes and substrates during the metabolism of L. formosana seeds, leading to seed deterioration. Reportedly, such factors play major roles in the emergence of C. migao as a dominant species. The seedling growth test is a biometric test for determining the initial growth and organogenesis of recipient plants; therefore, it is more effective for observing effects of allelochemicals and changes induced by them [39] . The height and ground diameter of L. formosana seedlings increased initially and then decreased slowly with increase in extract concentration, but even the lowest values were higher than CK values. This observation is consistent with the reports of Hossain and Weidenhamer [40, 41] . Moreover, the results suggest that all extracts of different C. migao parts promoted the growth and development of L. formosana.
The physiological and ecological characteristics of dominant species are important for the survival and expansion of companion species in plant communities. High osmoregulatory capacity is a critical factor in plant interactions. Plants can reduce cell osmotic potential by increasing levels of osmotic regulators, such as soluble sugars and proteins, to adapt to external stressful environments. The soluble protein content of L. formosana seedlings significantly increased when the concentration of the aqueous leaf extract was 50 mg mL −1 , after treatment with aqueous leaf and rhizosphere soil extract at a concentration of 1 mg mL −1 and all concentrations of aqueous pericarp extract, suggesting that the plants activated defense mechanisms, triggering the production of various enzymes to resist stress. The starch content of L. formosana seedlings significantly increased under stress. The above-mentioned treatments may have prevented starch hydrolysis, leading to gradual accumulation of starch and resulting in decreased soluble sugar content in seedlings [42, 43] . Meanwhile, the change in the proline content of L. formosana seedlings increased with an increase in the concentration of the aqueous extract of C. migao leaf, and this increasing trend may help maintain the osmotic pressure in cells. There is a stable dynamic balance between active oxygen and the antioxidant system of dominant species and their associated species in plant communities. When exposed to external stress, membrane lipid peroxidation occurs. The degrees of stress and cell membrane lipid peroxidation are reflected by MDA content. Plants often minimize the damage caused by secondary metabolites, such as MDA, by altering SOD activity [9, 44, 45] . When the concentration of all extracts reached 1 mg mL −1 , the MDA content of L. formosana seedlings increased significantly but the intensity of the effect gradually weakened. This could be a positive response of L. formosana to slight oxidative stress. However, when the stress level reached a certain threshold, excessive accumulation of reactive oxygen species resulted in the inhibition of SOD activity [46, 47] . However, the SOD activity increased only when the concentration of aqueous pericarp and rhizosphere soil extracts was 10 and 0.5 mg mL −1 , respectively, the other treatments inhibited the SOD activity, but the MDA content was elevated, indicating that the plasma membrane of L. formosana seedlings was damaged to varying degrees; however, L. formosana did not exhibit damage, indicating that these seedlings independently regulated stress levels through other antioxidant enzymes.
In ecological environments, soil enzymes are important biological indicators of the quality of ecological environment and fertility of soil [48, 49] , while S-UE, S-ACP, and invertase fundamentally reflect the transformation intensities of nitrogen, carbon, phosphorus, and potassium in soil. When the concentration of aqueous pericarp extract exceeded 1 mg mL −1 , the concentration of aqueous rhizosphere soil extract was 0.5-5 mg mL −1 , and the S-UE activity of all aqueous leaf extracts significantly increased S-PPO activity can promote the formation of soil humus. Following treatment with aqueous pericarp and leaf extracts at concentrations of 1 and 5 mg mL −1 , respectively, S-PPO activity and soil fertility increased [50, 51] . S-CAT activity indicates the rate of soil organic matter transformation and the intensity of humification. Similar, S-CAT activity was promoted to a certain extent following treatment with aqueous pericarp and leaf extracts at concentrations of 5 and 1 mg mL −1 , indicating that the extracts could promote the transformation of organic matter and increase organic matter content in L. formosana soil. S-ACP can promote the mineralization of phosphorus and improve the availability of soil phosphorus. S-ACP activity was the highest following treatment with all extracts at a concentration of 5 mg mL −1 . Together, these results demonstrate that aqueous extracts of C. migao can facilitate nutrient recycling in L. formosana soil.
Furthermore, N, P, and K play important roles in soil fertility and can be described as the three elements for soil fertility. AN is one of the most effective forms of nitrogen in the soil and is one of the most depleted and limiting plant growth nutrients since it is easily soluble in water and is lost rapidly [52] . AP is a bottleneck factor for vegetation growth, and its content represents the amount that plants can absorb in the current season [53] . AK is a direct indicator of soil fertility, which also promotes early plant root formation and growth as well as improves plant adaptability. In this experiment, we found that the content of AN, AP, and AK in the soil of L. formosana seedlings did not change significantly under different aqueous extracts treatment. The results show that the enhance effects are not induced by the fertilizer.
The synthetic allelopathic index can adequately reflect the allelopathic intensity of C. migao. The allelopathic comprehensive effect value of aqueous leaf extract treatment is significantly higher than that of pericarp and rhizosphere soil. Because all types of organic substances synthesized via photosynthesis are initially stored in leaves, they may contain more allelochemicals and at higher concentrations [25] , thereby enhancing the allelopathic effect of C. migao. When all the extracts were at low and medium concentrations (0.5-5 mg mL −1 ), they promoted the growth of L. formosana, Although allelopathy is generally considered an inhibitory mechanism [54, 55] , numerous studies have shown both promoting and inhibitory effects of aqueous plant products on the growth and development of surrounding plants via various mechanisms [56] [57] [58] [59] [60] . In this study, the aqueous C. migao extracts inhibited the growth of L. formosana when extracts concentration reached 50 mg mL −1 . However, L. formosana grows well in the natural state. Perhaps, under the natural elution condition, the concentration of each extract did not reach a high level, or was affected by the complex environment around, and did not inhibit the growth and development of L. formosana.
Conclusions
Under different concentrations of C. migao pericarp, leaf, and rhizosphere soil extract, the germination index, seedling morphological indexes, and physiological and biochemical indexes of the saplings were different, thereby reflecting the close relationship between the allelopathic intensity and the leaching site and concentration. Under the treatment with low and medium concentration of extracts from the C. migao pericarp, leaf, and rhizosphere soil, the germination rate, and seed potential of L. formosana were reduced to some extent, and the position of C. migao as the dominant species was well regulated. In the seedling stage, the extracts of C. migao increased the rate of nutrient recycling in soil, enhanced the permeability of organelle membranes, influenced the physiological activities of cells or the transport of substances, thereby increasing height and ground diameter of L. formosana. Such complex interactions may be the important reasons underlying the long-term co-existence of
